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ABSTRACT

Accelerated urbanization has given rise to sharp environmental changes in urban underlying surfaces, 
thus changing the regional thermal environment and endangering the ecosystem balance. The thermal 
environment is complex, and the influence laws of land utilization differences and changes in the 
thermal environment in different seasons and under different daytime and nighttime conditions are 
unclear. In this regard, effective measures should be implemented to reduce the regional thermal 
environmental effect and determine the influence laws of land utilization differences and changes in 
the regional thermal environment. Zhongyuan urban agglomeration was applied as the study area. 
Two-year MODIS eight-day synthesized surface temperature product and land utilization monitoring 
data were obtained by remote sensing and used to analyze the influencing characteristics of different 
cities and land utilization types on the thermal environment of urban agglomeration from the angles 
of interannual differences and seasonal differences. During 2010-2018, the area changes in different 
land utilization types in the study area are significant with decreasing farmland area and increasing 
forest land and construction land. The farmland and forest land have the most significant influences on 
the regional thermal environment, where the farmland exerts a warming effect on the regional thermal 
environment and the forest land exerts a cooling effect. In different seasons and under different daytime 
and nighttime conditions, the construction land shows a strong warming effect on the regional thermal 
environment. The contribution indices of Changzhi city and Jincheng city to the thermal environment 
of the urban agglomeration are negative, so they exert the cooling effect. The warming or cooling role 
played by Handan city, Liaocheng city, and Xingtai city in the thermal environment is transited under 
different daytime and nighttime conditions, namely, they exert the warming effect in the daytime and 
the cooling effect in the nighttime. The seasonal differences in the contributions of different cities to the 
regional thermal environment are the most apparent in summer and winter. The contribution indices 
are generally high in summer and winter and low in spring and autumn. Conclusions have theoretical 
significance for scientifically regulating the regional thermal environment.

INTRODUCTION

Rapid urbanization has resulted in drastic environmental 
changes in the urban underlying surface, and one of the most 
obvious negative effects is the rise of urban surface temper-
ature. Land utilization/coverage change (LUCC), which is 
the most direct pattern of manifestation of the interaction 
between human activity and the natural environment, plays 
a significant role in the regional thermal environment (Liu et 
al. 2014). Urban heat island (UHI) is a concentrated reflection 
of urban thermal environmental characteristics (Memon et 
al. 2008). Since the concept of “heat island” was proposed 
by Howard at the beginning of the 19th century, scholars 
have carried out a large quantity of research work regarding 
the monitoring and recognition (Dai et al. 2009, Zhou et al. 
2008), evaluation and diagnosis (Oke et al. 1987, Zhang 

et al. 2012), simulation and regulation (Meng et al. 2010, 
Yue et al. 2010), etc. of UHI. With the rapid outward urban 
expansion and continuous population aggregation toward 
the cities, the thermal environment of urban agglomeration 
is faced with unprecedented challenges under the impact of 
global warming (Chi et al. 2015).

Scholars have explored eco-environmental problems 
triggered by changes in the urban thermal environment during 
urbanization in recent years. When studying the relationship 
between surface temperature and landscape patterns, Zhou 
et al. pointed out the importance of seasonal aspect changes 
(Zhou et al. 2014). Carlson et al. put forward a method for ex-
tracting impervious surface by using the vegetation coverage; 
however, the vegetation coverage was affected by seasonal 
changes, which generated a certain influence on studies with 
respect to impervious surface and surface temperature (Carlson 

   2021pp. 1147-1156  Vol. 20
p-ISSN: 0972-6268 
(Print copies up to 2016) No.3		  Nature Environment and Pollution Technology 

	 	 An International Quarterly Scientific Journal

Original Research Paper

e-ISSN: 2395-3454

Open Access Journal

Nat. Env. & Poll. Tech.
Website: www.neptjournal.com

Received: 12-04-2021
Revised:    20-08-2021
Accepted: 28-08-2021

Key Words:
Contribution index
Land utilization
Urban agglomeration
Urban thermal environment

Original Research Paperhttps://doi.org/10.46488/NEPT.2021.v20i03.022



1148 Qingkong Cai et al.

Vol. 20, No. 3, 2021 • Nature Environment and Pollution Technology  

et al. 2000). Taking Houston in America for example, Streuker 
discussed the relationships of the spatial distribution of urban 
heat island with the urban heat island intensity and suburb 
temperature (Streutker 2002). Rigo et al. analyzed differ-
ences in urban surface temperatures measured by different 
satellites from those obtained through field measurement; the 
difference value between the surface temperature provided by 
MODIS and the measured surface temperature was smaller 
than 5% (Rigo et al. 2006). The urban thermal environment 
has been frequently investigated also in China. Tang et al. 
used three-period Landsat ETM+ image data to discuss the 
relationships of the surface temperature in Changchun city 
in summer with the coverage of impervious surface and veg-
etation coverage (Tang et al. 2017). Taking the mountainous 
city Chongqing for example and considering altitude, slope, 
aspect, surrounding landform, etc., Jia found that the surface 
temperature with an altitude of above 1,000 m presented an 
obvious linear relation to the altitude (Jia 2014). Han et al. 
used the MODIS surface temperature product to discuss 
the influences of spatial-temporal changes in the thermal 
environmental safety pattern in Yangtze River Delta urban 
agglomeration and the changes in the land utilization; the 
results showed that the excessively high proportion of con-
struction land and excessively low proportion of forest land 
were the primary causes for the declining safety level of the 
thermal environment (Han et al. 2017). Xie et al. analyzed 
the spatial-temporal change laws of the urban thermal envi-
ronment in the Nanchang City area during 1996-2016 and 
displayed the relationships of the urban thermal environment 
with land utilization and manmade heat discharge (Xie et al. 
2019). Qiao et al. analyzed the spatial-temporal pattern of 
urban thermal environmental risks and their characteristics 
in Beijing city; the results indicated that the urban thermal 
environmental risks presented a rising trend in Beijing, where 
the proportion of extremely high-risk areas was elevated from 
9.66% to 12.08% (Qiao et al. 2019). Wang et al. analyzed 
the relationships of urban land utilization type and pattern 
features with the surface thermal environment and stated 
that the surface temperature varied considerably with land 
utilization types; among which, the surface temperatures of 
industrial land, land for roads and squares, and residential 
land were higher than those of river, garden, and forest land 
(Wang et al. 2013).

To sum up, eco-environmental problems induced by 
changes in the thermal environment during the urbanization 
progress have been analyzed in detail; however, considering 
the complexity of the urban thermal environment, few studies 
have involved interannual and seasonal differences in the 
influences of land utilization types on the urban thermal 
environment. In addition, most studies used a single city as 
the study object, few works were conducted at the scale of 

urban agglomeration. The thermal environmental problem 
triggered by the rapid urbanization stands out in Zhongyuan 
urban agglomeration, which is one of 19 national-level ur-
ban agglomerations in China. Based on the above analysis, 
Zhongyuan urban agglomeration was taken as the study area, 
and the influence mechanism and action laws of different 
cities and different land utilization types on the thermal en-
vironment in this urban agglomeration were analyzed from 
the respective angles of interannual differences and seasonal 
differences to reasonably utilize land resources, optimize 
urban construction planning, relieve and control urban high 
temperature, and provide a theoretical and practical basis for 
constructing a beautiful Zhongyuan region.

MATERIALS AND METHODS

Profile of the Study Area

Zhongyuan urban agglomeration is Central Plains (centering 
on Henan Province) located in Central and East China and 
the junction between the coastal open region and central 
and western regions in China. It is one of the core regions 
with enormous vigor and potential in the future economic 
development pattern of China and has an important node for 
forging a new growth pole of China’s economic development. 
The geographical location is between east longitude of 
110°15’-118°10’E and northern latitude of 30°23’-37°47’N. 
According to the Development Plan of Zhongyuan urban ag-
glomeration approved by the State Council on December 28, 
2016, Zhongyuan urban agglomeration has jurisdiction over 
30 cities in five provinces: Henan, Shanxi, Hebei, Shandong, 
and Anhui (Fig. 1). The land area of the administrative region 
is 287,000 km2, accounting for 3.0% of the total land area of 
the nationwide administrative region. The main regional land-
form is plain, along with low hills and mountains. It belongs 
to temperate monsoon climate and subtropical monsoon 
climate, with four distinctive seasons (high temperature and 
rainy summer and cold and dry winter). By the end of 2017, 
the urban built-up area in Zhongyuan urban agglomeration is 
7,400 km2, accounting for 12.0% of the total national urban 
built-up area; the total population was 188,881,400 at the 
end of the year, accounting for 13.6% of the total national 
population. The city size in Zhongyuan urban agglomeration 
has been continuously expanded, the population absorption 
ability continuously strengthened, and the cohesion and 
overall competitiveness continuously enhanced. Promoting 
the development of Zhongyuan urban agglomeration will be 
of great strategic importance for accelerating and facilitating 
the rising of Central China, thereby boosting the new-type 
urbanization and expanding the new space for China’s eco-
nomic development.
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Data Collection and Preprocessing

The data sources used in this study mainly included MODIS 
surface temperature data and land utilization data, where 
the surface temperature data derived from the MODIS 
eight-day synthesized surface temperature product (MO-
D11A2) provided by the National Aeronautics and Space 
Administration (NASA) of the United States of America, 
the spatial resolution of images was 1000 m and the column 
numbers were h26v05 and h27v05. The year-round data in 
two periods, namely, 2010 and 2018, were downloaded. The 
original data were acquired by Aqua Satellite when passing 
the territory at 13:30 and 01:30 to characterize the surface 
reflection conditions in the surface warming and cooling 
time periods (Qiao et al. 2014, Sun et al. 2018, Peng et al. 
2014). The surface temperature data product was acquired 
through the inversion using the split-window algorithm, with 
the precision reaching as high as 1 K (Wan et al. 2004). The 
preprocessing work mainly included image reprojection, 
image synthesis, image splicing, and image clipping. The 
images were re-projected using the MODIS reprojection tool 
(MRT), the temperature product was then synthesized into 
the monthly average surface temperature data through the 
maximum value composite method, and the monthly average 
surface temperature data were finally obtained through image 
splicing and image clipping. The synthesized surface temper-
ature data of the study area in June are presented in Fig. 2.

The land utilization data originated from 1:100000 China 
land utilization remote sensing monitoring datasets in 2010 

and 2018 provided by the Resource and Environment Science 
and Data Center, Chinese Academy of Sciences. The land 
utilization types included six level I types (Farmland, forest 
land, grassland, water area, residential land and unused land) 
and 25 level II types, all of which have been widely applied 
to various fields, such as spatial-temporal pattern analysis of 
the urban thermal environment and comprehensive eco-envi-
ronmental evaluation (Liu et al. 2004). In this study, the urban 
and rural land, industrial and mining land, and residential 
land were called by a joint name, that is, construction land 
and the two-period land use classification maps (Fig. 3) were 
obtained through image splicing and image clipping.

Methodology

Acquisition of surface temperature data: The MODIS 
eight-day synthesized surface temperature product only 
recorded the surface thermal radiation values under cloud-
less conditions; as such, the surface thermal radiation value 
should be transformed into surface temperatures. Based on 
the data header files, the radiation scaling ratio of the MODIS 
temperature product was obtained as 0.02, and radiation 
scaling intercept was set as 0, so the conversion formula for 
surface temperature is:
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agglomeration were compared. The synthesized MODIS 
monthly average temperature data were used to calculate 
the seasonal average and daily (daytime and nighttime) av-
erage surface temperatures in spring (March-May), summer 
(June-August), autumn (September–November), and winter 
(December-February in the next year).

Calculation of contribution index: The influence mecha-
nism of different cities on the regional thermal environment 
differed to some extent due to the spatial heterogeneity 
of land utilization types. The contribution index (CI) was 
used to quantitatively characterize the contributions of land 
utilization types to the urban thermal environment. CI is the 
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product of the difference value between the average surface 
temperature of one land utilization type and regional average 
surface temperature with the proportion of the area of this 
land utilization type in the total regional area (Xu 2009, 
Qiao et al. 2013). CI is calculated by the following formula:
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Where CI is the CI of one land utilization type to the 
thermal environment; Dt is the difference value between the 
average surface temperature of one land utilization type and 
regional average surface temperature, and S is the proportion 
occupied by one land utilization type in the total regional 
area. The positive or negative CI represents the warming or 
cooling effect of land utilization type on the urban thermal 
environment, and its value denotes the contribution of this 
land utilization type to the urban thermal environment. In 
a similar way, the CI of each city to the regional thermal 
environment is the product of the difference value between 
average surface temperature and regional average surface 
temperature with the proportion occupied by the city area 
in the total regional area (Sun et al. 2018).

RESULTS AND DISCUSSION

Differences in the Contributions of Different Land Uti-
lization Types to the Thermal Environment of the Urban 
Agglomeration

Interannual differences: The area proportion of each land 
utilization type in the two periods was calculated based on the 
land utilization data in 2010 and 2018. By using the vector 
data and surface temperature data of land utilization types, 
the daytime average surface temperatures in 2010 and 2018 
were respectively extracted to obtain the CI value of each 
land utilization type to the thermal environment (Table 1).

As given in Table 1, among different land utilization 
types, the proportion of farmland was the largest in the total 
study area, followed by forest land, construction land, grass-
land, water area, and unused land. From 2010 to 2018, the 

area proportion of farmland in the study area was reduced 
from 66.43% to 63.70%, while the areas of forest land, wa-
ter area, and construction land were increased. The surface 
temperatures of farmland and construction land were higher 
than the regional average surface temperature, and their CI 
values were increased from 0.31 and 0.06 in 2010 to 0.43 
and 0.12 in 2018, respectively; the warming effect on the 
regional thermal environment was obviously enhanced. The 
surface temperatures of forest land, grassland, water area, and 
unused land were all lower than the regional average surface 
temperature, indicating that they exerted a cooling effect on 
the regional thermal environment, where the CI value of 
forest land was transformed from -0.31 in 2010 to -0.41 in 
2018, and the cooling effect was enhanced somehow. The 
temperature anomaly value of grassland was transformed 
from -0.29 in 2010 to -0.89 in 2018, and the CI values of 
water area and unused land were negative, manifesting their 
cooling effect on the regional thermal environment.

Seasonal differences: Based on the vector data of each 
land utilization type and MODIS temperature product data, 
the average temperatures of each land utilization type in the 
daytime and nighttime in 2010 and 2018 were extracted by 
four seasons, respectively. The seasonal CI value of each 
land utilization type to the thermal environment was obtained 
(Table 2). The broken line graphs of seasonal CI of each land 
utilization type to the thermal environment of Zhongyuan 
urban agglomeration in 2010 and 2018 were drawn (Fig. 4).

As given in Table 2 and Fig. 4, the CI value of farmland 
presented significant daytime and nighttime differences. The 
daytime warming effect was more obvious than the nighttime 
warming effect, which was mainly ascribed to the solar ra-
diation and seasonal characteristics of crops. Except that the 
CI values of farmland in the daytime of spring and nighttime 
of winter were smaller than 0, the CI values in other seasons 
were all greater than 0, with a significant warming effect. The 
cooling effect of forest land was the most remarkable in sum-

Table 1: CI values of land utilization types to thermal environment of Zhongyuan urban agglomeration in 2010 and 2018.

Land-use type 2010 2018

Area ratio Temperature anomaly CI Area ratio Temperature anomaly CI

Farmland 66.43% 0.46 0.31 63.70% 0.68 0.43

Forest land 13.85% -2.27 -0.31 14.04% -2.92 -0.41

Grassland 6.47% -0.29 -0.02 6.11% -0.89 -0.05

Water area 2.05% -0.78 -0.02 2.20% -0.74 -0.02

Construction land 11.13% 0.54 0.06 13.91% 0.87 0.12

Unused land 0.07% -0.69 -0.00 0.04% -0.10 -0.00
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mer and autumn, and the CI values were increased from -0.56 
and -0.56 in 2010 to -0.65 and -0.68 in 2018, respectively; 
the cooling effect on the regional thermal environment was 
enhanced. The CI values of grassland in the daytime of spring 
and nighttime of autumn were greatly different, exerting a 
certain cooling effect on the regional surface temperature. In 
different seasons and under different daytime and nighttime 
conditions, the construction land showed a strong warming 
effect on the regional thermal environment. The daytime 
and nighttime differences in the CI value of water area to 
the thermal environment were significant; the CI value was 
negative in the daytime (cooling effect) and it was positive in 
the nighttime (warming effect). The CI value of unused land 
to the thermal environment of this urban agglomeration was 
approximately 0 mainly because the unused land accounted 
for a small proportion in the regional area. Therefore, the 
unused land contributed little to the thermal environment.

Differences in CI Values of Different Cities to the Ther-
mal Environment of Zhongyuan Urban Agglomeration

Interannual differences: The 30 cities in the study area 
were taken as the statistical units, and their vector data and 
MODIS temperature data were used to calculate the CI 
values of each city to the urban thermal environment under 
different daytime and nighttime conditions in 2010 and 2018. 
The statistical results were plotted into a histogram (Fig. 5).

As shown in Fig. 5, the CI values of Changzhi city and 
Jincheng city to the study area in different years and different 
daytime and nighttime conditions were all negative, so they 
exerted a cooling effect on the thermal environment of this 
urban agglomeration in the daytime and nighttime, where the 
cooling effect of Changzhi city was the most significant. The 
CI value in the daytime was transformed from -0.04 in 2010 
to -0.08 in 2018, and that in the nighttime from -0.21 in 2010 
to -0.18 in 2018. The CI values of Xingtai city, Handan city, 

Table 2: CI values of land utilization types to the thermal environment of Zhongyuan urban agglomeration in 2010 and 2018.

Land-use type Contribution index in 2010 Contribution index in 2018

Spring Summer Autumn Winter Spring Summer Autumn Winter

Day Farmland -0.06 0.50 0.61 0.16 0.21 0.56 0.74 0.21

Forest land -0.02 -0.56 -0.56 -0.12 -0.31 -0.65 -0.68 -0.00

Grassland 0.16 -0.04 -0.18 -0.02 0.03 -0.10 -0.18 0.03

Water area -0.02 -0.02 -0.02 -0.00 -0.03 -0.03 -0.02 -0.00

Construction land -0.06 0.14 0.15 0.00 0.11 0.22 0.15 0.01

Unused land -0.00 -0.00 0.00 -0.00 -0.00 0.00 -0.00 -0.00

Night Farmland 0.06 0.28 0.05 -0.15 0.03 0.27 0.05 0.46

Forest land -0.04 -0.32 -0.06 0.14 -0.09 -0.33 -0.08 0.21

Grassland -0.04 -0.07 0.23 -0.04 -0.04 -0.08 -0.03 0.05

Water area 0.03 0.02 0.03 0.02 0.02 0.02 -0.04 0.07

Construction land 0.04 0.09 0.04 0.01 0.07 0.13 0.06 0.28

Unused land 0.00 0.00 -0.00 -0.00 0.00 0.00 0.00 0.00
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Fig. 4: Seasonal CI values of land utilization types to the thermal environment of Zhongyuan urban agglomeration 

in 2010 and 2018. 

As given in Table 2 and Fig. 4, the CI value of farmland presented significant daytime and 
nighttime differences. The daytime warming effect was more obvious than the nighttime warming 
effect, which was mainly ascribed to the solar radiation and seasonal characteristics of crops. 
Except that the CI values of farmland in the daytime of spring and nighttime of winter were 
smaller than 0, the CI values in other seasons were all greater than 0, with a significant warming 
effect. The cooling effect of forest land was the most remarkable in summer and autumn, and the 
CI values were increased from -0.56 and -0.56 in 2010 to -0.65 and -0.68 in 2018, respectively; 
the cooling effect on the regional thermal environment was enhanced. The CI values of grassland 
in the daytime of spring and nighttime of autumn were greatly different, exerting a certain cooling 
effect on the regional surface temperature. In different seasons and under different daytime and 
nighttime conditions, the construction land showed a strong warming effect on the regional 
thermal environment. The daytime and nighttime differences in the CI value of water area to the 
thermal environment were significant; the CI value was negative in the daytime (cooling effect) 
and it was positive in the nighttime (warming effect). The CI value of unused land to the thermal 
environment of this urban agglomeration was approximately 0 mainly because the unused land 
accounted for a small proportion in the regional area. Therefore, the unused land contributed little 
to the thermal environment. 
Differences in CI Values of Different Cities to the Thermal Environment of Zhongyuan 
Urban Agglomeration 
Interannual differences: The 30 cities in the study area were taken as the statistical units, and 
their vector data and MODIS temperature data were used to calculate the CI values of each city to 
the urban thermal environment under different daytime and nighttime conditions in 2010 and 2018. 
The statistical results were plotted into a histogram (Fig. 5). 

Fig. 4: Seasonal CI values of land utilization types to the thermal environment of Zhongyuan urban agglomeration in 2010 and 2018.
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and Liaocheng city were greater than 0 in the daytime and 
smaller than 0 in the nighttime, so they exerted a warming 
effect in the daytime and cooling effect in the nighttime. 
In the diurnal changes, the warming and cooling roles of 
the urban thermal environment were transited, namely, the 
warming effect was exerted in the daytime and the cooling 
effect in the nighttime. The CI values of other cities were 
positive, indicating that the average temperatures in these 
cities were always higher than the average temperature in 
the urban agglomeration, they generated a warming effect 
in daytime and nighttime, among which Nanyang city was 
the most typical; this city generated a warming effect on the 
regional thermal environment.

Seasonal differences: The CI values of each city to the ther-
mal environment of Zhongyuan urban agglomeration under 
different daytime and nighttime conditions were statistically 
analyzed based on the MODIS temperature data and vector 
data of each city in 2018 (Table 3 and Fig. 6).

Table 3 and Fig. 6 show that different cities presented 
seasonal differences in the CI value to the thermal environ-
ment of this urban agglomeration. To be more specific, the CI 
value was greater than 0 in spring and summer, and it might 
be positive or negative in autumn and winter. The seasonal 
differences in the CI value to the thermal environment were 
the most obvious in summer and winter, and the CI values in 
spring and autumn fluctuated around 0, where Pingdingshan 
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Fig. 6: Seasonal CI values of each city to the thermal environment of Zhongyuan urban agglomeration in 2018. 
Table 3 and Fig. 6 show that different cities presented seasonal differences in the CI value to 

the thermal environment of this urban agglomeration. To be more specific, the CI value was 
greater than 0 in spring and summer, and it might be positive or negative in autumn and winter. 

Fig. 6: Seasonal CI values of each city to the thermal environment of Zhongyuan urban agglomeration in 2018.
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Fig. 5: CI values of different cities to the thermal environment of Zhongyuan urban agglomeration in 2010 and 

2018. 

As shown in Fig. 5, the CI values of Changzhi city and Jincheng city to the study area in 

different years and different daytime and nighttime conditions were all negative, so they exerted a 

cooling effect on the thermal environment of this urban agglomeration in the daytime and 

nighttime, where the cooling effect of Changzhi city was the most significant. The CI value in the 

daytime was transformed from -0.04 in 2010 to -0.08 in 2018, and that in the nighttime from -0.21 

in 2010 to -0.18 in 2018. The CI values of Xingtai city, Handan city, and Liaocheng city were 

greater than 0 in the daytime and smaller than 0 in the nighttime, so they exerted a warming effect 

in the daytime and cooling effect in the nighttime. In the diurnal changes, the warming and 

cooling roles of the urban thermal environment were transited, namely, the warming effect was 

exerted in the daytime and the cooling effect in the nighttime. The CI values of other cities were 

positive, indicating that the average temperatures in these cities were always higher than the 

average temperature in the urban agglomeration, they generated a warming effect in daytime and 

nighttime, among which Nanyang city was the most typical; this city generated a warming effect 

on the regional thermal environment. 
Seasonal differences: The CI values of each city to the thermal environment of Zhongyuan urban 
agglomeration under different daytime and nighttime conditions were statistically analyzed based 
on the MODIS temperature data and vector data of each city in 2018 (Table 3 and Fig. 6). 

Table 3: Seasonal CI values of each city to the thermal environment of Zhongyuan urban agglomeration in 2018. 

City 
Spring Summer Autumn  Winter 

Day Night Day Night Day Night Day Night 

Anyang 0.14 0.12 0.30 0.31 0.03 -0.02 -0.33 -0.36 

Bengbu 0.08 0.08 0.22 0.27 0.06 0.02 -0.31 -0.22 

Haozhou 0.13 0.12 0.40 0.38 0.13 0.01 -0.44 -0.36 

Changzhi 0.25 0.00 0.34 0.37 -0.18 -0.29 -0.73 -0.82 

Fuyang 0.16 0.17 0.43 0.47 0.14 0.03 -0.54 -0.40 

Handan 0.22 0.18 0.51 0.51 0.03 -0.07 -0.56 -0.63 

Fig. 5: CI values of different cities to the thermal environment of Zhongyuan urban agglomeration in 2010 and 2018.
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city was the most typical. The diurnal CI value to the thermal 
environment was 1.05 in summer and -1.10 in winter, which 
was smaller than those in spring (0.41) and autumn (0.10). 
The absolute CI values of Yuncheng city, Luoyang city, Huai-
bei city, and Hebi city were generally low, and the seasonal 
differences in the CI value were minor; among which, the 

diurnal average CI values of Yuncheng city in the four seasons 
all fluctuated around 0, being 0.02, 0.07, 0.00 and -0.08 in 
spring, summer, autumn, and winter, respectively. The dif-
ference between daytime CI and nighttime CI to the thermal 
environment was not large. In general, the abovementioned 
cities exerted a warming effect on the thermal environment 

Table 3: Seasonal CI values of each city to the thermal environment of Zhongyuan urban agglomeration in 2018.

City Spring Summer Autumn Winter

Day Night Day Night Day Night Day Night

Anyang 0.14 0.12 0.30 0.31 0.03 -0.02 -0.33 -0.36

Bengbu 0.08 0.08 0.22 0.27 0.06 0.02 -0.31 -0.22

Haozhou 0.13 0.12 0.40 0.38 0.13 0.01 -0.44 -0.36

Changzhi 0.25 0.00 0.34 0.37 -0.18 -0.29 -0.73 -0.82

Fuyang 0.16 0.17 0.43 0.47 0.14 0.03 -0.54 -0.40

Handan 0.22 0.18 0.51 0.51 0.03 -0.07 -0.56 -0.63

Hebi 0.04 0.03 0.09 0.09 0.01 0.00 -0.10 -0.10

Heze 0.19 0.16 0.50 0.53 0.12 -0.03 -0.62 -0.61

Huaibei 0.03 0.04 0.12 0.12 0.04 -0.11 -0.15 -0.11

Jiaozuo 0.06 0.05 0.16 0.19 0.02 0.00 -0.19 -0.16

Jincheng 0.13 0.05 0.23 0.28 -0.10 -0.12 -0.48 -0.46

Kaifeng 0.14 0.12 0.36 0.43 0.10 -0.04 -0.49 -0.45

Liaocheng 0.08 0.09 0.24 0.27 0.06 -0.06 -0.34 -0.35

Luohe 0.12 0.11 0.36 0.38 0.14 -0.03 -0.41 -0.38

Luoyang 0.03 0.04 0.07 0.10 -0.01 -0.01 -0.12 -0.11

Nanyang 0.19 0.24 0.50 0.63 0.15 0.02 -0.69 -0.59

Pingdingshan 0.38 0.43 0.93 1.16 0.23 -0.03 -1.20 -1.01

Puyang 0.11 0.11 0.30 0.34 0.07 -0.02 -0.42 -0.38

Sanmenxia 0.05 0.04 0.11 0.14 -0.03 -0.03 -0.21 -0.18

Shangqiu 0.14 0.13 0.40 0.43 0.16 -0.04 -0.53 -0.47

Suzhou 0.10 0.10 0.45 0.47 0.13 -0.02 -0.58 -0.45

Xingtai 0.17 0.14 0.41 0.40 0.03 -0.07 -0.51 -0.56

Xinxiang 0.20 0.15 0.49 0.54 0.09 -0.02 -0.59 -0.59

Xinyang 0.10 0.17 0.22 0.36 0.05 0.03 -0.39 -0.27

Xuchang 0.26 0.22 0.78 0.83 0.24 -0.07 -0.90 -0.88

Jiyuan 0.05 0.08 0.15 0.20 -0.08 0.01 -0.24 -0.18

Yuncheng 0.03 0.02 0.07 0.07 0.00 -0.01 -0.09 -0.08

Zhengzhou 0.25 0.22 0.54 0.65 0.04 -0.01 -0.69 -0.61

Zhoukou 0.10 0.11 0.31 0.33 0.33 0.14 -0.39 -0.35

Zhumadian 0.18 0.19 0.45 0.53 0.18 0.01 -0.61 -0.50
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in the study area in spring and summer and a cooling effect 
in autumn and winter.

CONCLUSIONS

This study aimed to clarify the influence laws of land utili-
zation type differences and changes in the regional thermal 
environment in different seasons and under different daytime 
and nighttime conditions. Zhongyuan urban agglomeration 
was taken as the study area, and the MODIS temperature 
product and land utilization data were utilized to analyze the 
influence laws of different cities and different land utiliza-
tion types on the regional thermal environment by using the 
contribution index from the angles of interannual differences 
and seasonal differences. The following conclusions could 
be drawn:

	(1)	 The farmland and forest land appeared to influence the 
thermal environment of Zhongyuan urban agglomera-
tion most significantly, which was mainly manifested 
by two aspects: influenced area and influence intensity. 
The farmland accounted for the largest proportion in the 
total study area, with the CI value increasing from 0.31 
in 2010 to 0.43 in 2018, and the warming effect on the 
regional thermal environment was apparently strength-
ened. The CI value of forest land was transformed from 
-0.31 in 2010 to -0.41 in 2018, and its cooling effect on 
the regional thermal environment was also enhanced. 

	(2)	 The contribution of farmland to the regional thermal 
environment showed significant daytime and nighttime 
differences, where the warming effect in the daytime 
was more obvious than that in the nighttime. The season-
al CI values of forest land were basically negative, and 
the cooling effect was the most remarkable in summer 
and autumn. In different seasons and under different 
daytime and nighttime conditions, the construction 
land showed a strong warming effect on the thermal 
environment of the urban agglomeration. 

	(3)	 In different years and different daytime and nighttime 
conditions, the CI values of Changzhi city and Jincheng 
city to the thermal environment were negative, exerting 
a certain cooling effect on Zhongyuan urban agglomer-
ation. The CI values of Handan city, Liaocheng city, and 
Xingtai city were positive in the daytime and negative 
in the nighttime. The cooling and warming roles of the 
urban thermal environment were transited under differ-
ent daytime and nighttime conditions from the warming 
role into the cooling role. 

	(4)	 The contributions of different cities to the thermal envi-
ronment in Zhongyuan urban agglomeration presented 
seasonal differences. The CI value was greater than 0 

in spring and summer, and it could be either positive or 
negative in autumn and winter. Meanwhile, the seasonal 
differences in the contribution to the thermal environ-
ment were the most apparent in summer and winter. 

Besides being affected by human factors and natural 
factors, the CI index to the thermal environment is also re-
lated to the landform, anthropogenic emissions, etc. Hence, 
some uncertain factors still exist in research on the thermal 
environment of urban agglomeration by using the CI index. 
Furthermore, the MODIS temperature product with the 
precision of 1 K used in this study can meet the research 
needs to some extent. However, the thermal environment of 
urban agglomeration with higher precision data remains to 
be further investigated.
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